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Abstract
Windmills for water pumping and electricity gen-
eration have been an important point of interest in the 
world today. This study was aimed to examine the 
actual performance of a locally designed wind-pump 
system installed in Tarlac, central Luzon, Philippines, 
and to evaluate its potential using a 10-year (2004-
2013) weather data, and to assess the input-output 
energy of the wind-pump system. Field tests showed 
that the daily discharge of the wind-pump system 
fl uctuated from 0.7 m3 day-1 to 22.1 m3 day-1 with an 
average of 9.2 m3 day-1. Based upon the relationship 
between wind speed and discharge of the wind-pump 
system, annual average daily wind speed of 1.78 m 
s-1 in Nueva Ecija, central Luzon, Philippines will 
make it possible to discharge 8.38 m3 day-1 of water 
with the wind pump. The potential of the wind-pump 
estimated from an average of 10-year weather data 
showed that the highest daily water output was in 
December with daily average of 7.34 mm d-1, and that 
the lowest was in August with an average daily out-
put of 1.27 mm d-1. An average pumping output dur-
ing dry season (December to March) was estimated 
to be 14.13 m3 day-1 which was far below for irrigat-
ing 1 hectare of rice field. The energy output was 
computed from the water output of the wind-pump 
system which was assumed to be used for 20 years. 
The energy input and output of the wind-pump sys-
tem was 25.0 GJ and 37.5 GJ, respectively. The raw 
materials for manufacturing the system contributed to 
the highest proportion of the energy input. The input-
output energy ratio was found to be 1.5 within its 20 
years life.Thus, the wind pump system in this study 
has only a limited potential for irrigation to rice fi eld 
under the weather conditions in central Luzon. It may 
be needed to explore more suitable use of the present 
system such as drip irrigation to vegetables. 
Introduction
The interest in renewable energy (RE) sources es-
pecially wind energy for electricity generation gained 
interest towards the end of 20th and beginning of the 
21st century. Wind is abundant and free natural re-
sources especially in the tropics like the Philippines. 
Wind energy is socially, industrially and politically 
accepted as practically clean and naturally unlimited 
source. Wind power was used as a source of mechani-
cal energy especially for irrigation as early as 1000 
AD by the Europeans. 
In 1854, the fi rst windmill with four wooden blades 
was patented by Daniel Halliday in America (Rao 
2011) and more than 6.5 million windmills of this 
kind were sold in 1880- 1935. In 2008, the 12 bladed 
Kijito wind-pump also became popular in the US and 
other parts of the world (Harries 2002). Many wind-
mills are still used today for pumping livestock water 
and domestic water supplies. These units normally 
produced maximum power of 1 kW and pump less 
than 3 m3 h-1 (Clark 1979). However, the discovery of 
the internal combustion engine and the development 
of electrical grids caused many windmills to disap-
pear. 
In the last decade of 20th century, however, a mil-
lion windmills were used mainly for water pumping, 
despite the spread of electric pumps (Fraenkel 1999). 
In 1996, a small wind pump for manufacture in de-
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veloping countries was developed (Fraenkel 1996). 
Some studies were conducted to optimize pumps and 
windmill design for a given situation (Bragg 2009), 
for possibility of lifting irrigation water in India 
(Parikh 1984), Central Nigeria (Clouter 2011) and 
Turkey (Kedare 1990). Mathematical equation of the 
electrical and mechanical behavior of the windmill 
was also derived including equation for optimization 
of the low technical wind pump (Valdes 2001). A 
rope wind-pump was also designed in Nicaragua to 
ultimately reduce cost of fabrication (Ikilic 2010). 
In the early 21st century, installed wind power ca-
pacity of top ten countries such as Germany, Spain, 
the U.S., Denmark, India, Netherland, Italy, Japan, 
England and China made up 86% of the world (Chinh 
2007). In 2007, there were 93,850 MW generated 
through wind energy in the whole world. In recent 
years, there has been a revival of interest to introduce 
cost-effective wind energy conversion systems for 
this renewable and environmentally benign energy 
source. 
Currently, most windmills for water pumping ap-
plications have horizontal axis variety, and have 
multi-bladed rotors to supply high torque required 
to operate a mechanical pump. In Philippines, only 
few windmills are found in the country side to pump 
water for household purposes. Since most wind-
pumps does not start below 3 m s-1 wind and will furl 
at 12–15 m s-1, water output is critically dependent 
on prevailing wind (Berry 2005) and design of the 
rotor (Purohit 2007). A wind-powered irrigation sys-
tem developed in the Central Philippine University 
through a project sponsored by the DOST-PCARRD 
(Department of Science and Technology-Philippine 
Council for Agriculture, Forestry and Natural Re-
sources Research and Development) and MoWEC 
(Mobile Wind Energy Plant) in 1997 for surface and 
pressurized irrigation (Omara 2004) have shown the 
technical feasibility and commercial viability. The 
wind-pump system, shown in the Figure 1, consisted 
of 24 blades, horizontal axis rotor windmill with a 
10-m tower, a cylinder pump and water tank. Several 
windmills of this type was installed, one unit at the 
PhilRice’s model farm, two units in Pampanga, four 
in Quezon and four in Tarlac which served as a dem-
onstration units. The unit installed in Tarlac province 
was the one considered in this study because it is situ-
ated in a rice farm with insuffi cient irrigation source. 
The study site has an average wind speed of 4.4 m s-1 
at 30-meter height and 3.6 m s-1 at 10 m height (El-
liott et al., 2001). It is located in a rain-fed area where 
rice crops could be planted only in the wet season. 
This study was carried out to evaluate the perfor-
mance of a locally designed wind-pump system, and 
Figure 1. The schematic diagram of the locally-designed wind-pump system for water pumping
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Model CPU WP – 24450
Rotor diameter 4.5 m diameter with 24 blades
Speed control mechanism Main hinge vane and side vane
Tower height 10 m steel lattice tower type
Installed pump Cylinder water pump 44 cm diameter bore
Start-up wind speed (windmill will start) 2.2 m s-1 
Cut-out wind speed (windmill slow down by side vane) Indeterminate 
Table 1. General specifi cation of the locally designed wind-pump system
especially to assess the potential water output of the 
wind-pump system using a 10-year (2004-2013) 
weather data and to determine its capacity to irrigate 
rice fi eld. Furthermore, the energy input for manufac-
turing the wind-pump system and the energy output 
of the pumping were evaluated.
Materials and methods
(1) Performance of the wind-pump
Site Description
The wind pump system was located in Barangay 
Magaspac, Gerona, Tarlac, central Luzon (15º 3N 
130º 35 E). Specifi cation of the wind pump is shown 
in Table 1 and is schematically show in Figure 1. Wa-
ter table in the area has an average depth of 3 meters 
from ground surface. There were many shallow tube-
wells serving around about 1 hectare per unit as the 
main source of irrigation water for rice and sugar 
cane crops in Barangay Magaspac. 
Pumping rate
Pumping rate was measured to evaluate capability 
of the wind-pump system for water pumping in April-
July 2010. It was directly recorded by water meter 
installed at the discharge of the wind-pump with 
respect to the given wind speed. These parameters 
were used to calculate water pumping capacity of 
the wind-pump system based upon an analyzed wind 
speed data. The relationship of the wind speed data 
and pumping rate was analyzed and came up with re-
gression analysis equation which was used to derive 
the estimated wind-pump discharges. Several level of 
pumping rate corresponding to wind speed was then 
determined. 
(2) Potential of the wind-pump: Estimation 
with a 10-year weather data
A 10-year daily rainfall and wind speed data from 
2004-2013 was acquired from PhilRice weather sta-
tion. The PhilRice monitoring station is located in 
Maligaya, Science City of Munoz, Nueva Ecija, Phil-
ippines with coordinates 15º 40’ 17”N 120º 53’ 27”E 
approximately 33 km from the wind-pump system in 
Gerona, Tarlac. This was the nearest weather station 
from the windmill installation during the conduct of 
the study. 
Water output of the wind-pump system based on 
normalized 10-year wind speed data was predicted 
using the relationship between the monitored daily 
wind speed and daily discharge of the wind-pump 
system. Total potential water supply was calculated 
by including water pumped from the wind-pump sys-
tem and rainfall as well. The 10-year data from Phil-
Rice weather monitoring station was analyzed. 
(3) Evaluation of energy input and output in 
the wind-pump system
Energy input for manufacturing the wind-pump 
system was evaluated. Energy output created by the 
operation of the wind-pump was also estimated by es-
timating the total water output pumped by the wind-
pump system in 20 years (Wang 2012, Varun 2009). 
The total water output was calculated using the daily 
average output found in previous study multiplied to 
365 day-year and energy coeffi cient of irrigation wa-
ter 0.615 MJ m-3 (Pimentel 1992, Ozkan et al 2008, 
Esengun 2006).
Data for manufacturing such as duration of opera-
tions and electricity consumption were monitored 
during actual cutting, bending, welding, drilling and 
machining of wind pump specifi c parts. Shop opera-
tions were individually measured using a stopwatch 
in three replications each. Dimensions of materials 
were measured from raw materials before shop works 
had been done. Length of welding of each part was 
measured from the wind-pump system previously 
constructed in the study site. 
Several shop equipment for manufacturing were 
used during fabrication of wind-pump system. An 
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arc welding with 22kW, 500A was ordinarily used to 
weld parts of the wind-pump system. Actual weld-
ing of materials was done to gather information for 
specifi c material and correspondingly measuring the 
length and time of welding. Shear cutter machine 
with 5.7 kW power rating was used to cut sheet metal 
for the wind-pump blades. Cutting of sheet metal was 
done by two technicians who simultaneously holding 
and controlling the shear cutter. The 4.2 KW lathe 
machine was used for machining main shaft of rotor. 
The total time consumed by one technician to fabri-
cate specifi c part was manually measured.
The energy input for human labor, electricity and 
steel material was computed using the energy coef-
fi cient of 0.8 MJ h-1 (Pimentel D. 1992, Umar 2003,) 
12.36 MJ kWh-1 (Pimentel 1992, Esengun 2006) and 
20 MJ kg-1 (Hammond G. and Craig J., 2008), respec-
tively 
System boundary 
Figure 2 shows the system boundary of this study. 
The system boundary included the raw materials, 
fabrication, and utilization of the wind-pump system. 
The energy of scrap materials after 20 years was not 
included in the study due to unavailable energy factor 
for scrap metal in the Philippines.
Results and Discussions
(1) Performance of the wind-pump
Figure 3 shows wind speed and water discharge 
with the wind-pump system. Wind speed form April 
to July 2010 was monitored at the study site in daily 
and hourly measurement with varying value from 0.1 
m s-1 to 2.7 m s-1. The computed average daily wind 
speed was 1.6 m s-1. The daily discharge of the wind-
pump system varied from 0.7 m3 d-1 to 22.1 m3 d-1 
with average discharge of 9.2 m3 d-1. Highest wind 
speed of 2.7 m s-1 resulted to highest discharge which 
was observed somewhere in April while the lowest 
was in May with wind speed of 0.5 m s-1. The func-
tional relationship between the wind speed and the 
discharge of the wind-pump system was found as fol-
lows.
qs = 6.6433*V – 3.4436  (R2 = 0.9069)        
     
where: qs = discharge of suction pump, m
3 day-1
 V = wind speed, m s-1
This indicates that, with annual average daily wind 
speed of 1.78 m s-1 in Nueva Ecija, the discharge of 
the pump will be 8.38 m3 day-1. 
(2) Potential of the wind-pump: Estimation 
with a 10-year weather data
Figure 4 shows the 10-year (2004-2013) average 
daily rainfall from weather station at PhilRice, Nueva 
Ecija. Highest average daily rainfall were observed in 
the month of August with average 13.92 mm d-1 and 
lowest was in the month of January with average 0.15 
mm d-1 only. The rainfall in 2005 and 2006 had the 
Figure 2. System boundary for evaluation of manufacturing the wind pump system,
Bautista et al.
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Figure 3. Relationship between wind speed and wind power. Field data was collected at 
Tarlac, central Luzon, Philippines
highest amount of daily average rainfall to almost 22 
mm d-1 which were also observed in August and July, 
respectively. Rainfall usually started in the month on 
May until October then became very low to almost 
zero rainfall in December until March.  
Figure 5 shows the 10-year (2004-2013) annual 
average wind speed data at PhilRice weather station. 
Strongest average wind speeds were monitored dur-
ing December with 3.28 m s-1 and January with 2.88 
m s-1. This became weaker during the months of April 
until September of every year to only about 1 m s-1. 
The year 2007 and 2008 had apparently strong winds 
in this period. The average prevailing wind speed that 
was favorable to wind-pump system was observed 
in the months from November to February, hence, 
remaining months’ average fell below for starting 
up wind speed. It was also noticeable that wind dur-
ing the low rainfall months was favorable to wind-
pumping operation.
Figure 6 shows the monthly change in rainfall, wa-
ter pump output, and estimated water availability in 
comparison with water requirement for 1/4 ha of rice 
Figure 4. The 10-year rainfall data at PhilRice, Nueva Ecija, Philippines.
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fi eld. Water availability is the sum of rainfall and wa-
ter output by the wind pump system, which was esti-
mated based upon the weather data and the empirical 
equation in the section (1).
Rice cropping season in the Philippines commonly 
started on every December and June, and will be 
harvested every March and October for dry season 
and wet season crop season, respectively. Water re-
quirement of rice crop will be at the least 11.8 mm 
d-1 (Yoshida 1981). In dry season, therefore, supply-
ing irrigation water for rice crop from wind-pumping 
alone will make it insuffi cient even for 1/4 ha (Figure 
6). However, the wind-pump may contribute to a 
supplemental role for irrigation. Assuming that 1 ha 
of rice fi eld needs 11.8 mm d-1 in average for a grow-
ing period, 120 days, in a dry season, it is equivalent 
to 13,200 m3ha-1 season-1. If the water is irrigated by 
the sum of rain fall and pumped up water by engine, 
it may require 389 L/ha/season of diesel oil for water 
pump because the common diesel water pump has 
an ability to discharge 32.4 m3h-1 with one liter of 
diesel oil. During dry season, total 1,717 m3 of water 
can be discharged by the wind-pump system, so the 
diesel oil needed for pumping up 1,717 m3 could be 
reduced. This corresponds to 53 L diesel oil per ha a 
dry season. In terms of greenhouse gas (GHG) emis-
Figure 5. Ten-year wind speed at PhilRice, Nueva ecija, , Philippines.
Figure 6. Monthly change of rain fall, wind pump output and their sum in comparison with 
water requirement in 1/4 ha rice fi eld.
Bautista et al.
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sion due to combustion of diesel oil, 140 kg CO2eq 
could be reduced per ha. 
Thus, the wind pump system in this study has only 
a limited potential for irrigation to rice fi eld under the 
weather conditions in central Luzon. It may be need-
ed to explore more suitable use of the present system 
such as drip irrigation to vegetables.
(3) Evaluation of energy input - output and 
GHG emission of the wind-pump system
Table 2 shows energy input-output estimates for 
20 years of wind pumping operations. The energy 
input of the wind-pump system was 25.0 GJ with raw 
materials being the biggest energy contributor at 23.2 
GJ followed by welding at 1.8 GJ. Other fabrication 
activities contributed a very small amount of input 
to the system. Energy output was found at 37.5 GJ 
composed of pumped irrigation water by wind-pump 
system within a 20 years period. This showed that 
using the wind-pump system could give more benefi t 
compared to the cost of fabricating the unit. The en-
ergy input-output ratio was 1.5 which indicated that 
the system is economically acceptable. It showed that 
wind-pump system could be used for smaller area 
of rice crop. It could also be suggested to use wind-
pump system for irrigation of high value crops and 
other crops which requires lesser water and which 
does not require total fl ooding. 
The raw materials of wind-pump system were the 
major source of input energy. The weight of fabricat-
Table 2. Energy input-output of wind-pump system
Energy input, MJ Raw materials
Rotor 3,780
Transmission 1,900
Tail 1,340
Tower frame 16,140
Fabrication Drilling 3.9 
Cutting 16.9
Bending 17.0
Machining 23.1 
Welding 1,826.0 
Total 25,045.9
Energy output, MJ Irrigation water (20 years) 37,487.3
   Input-output ratio 1.5
Figure 7. GHG emissions during water pumping for irrigation using full diesel engine and 
diesel engine + wind-pump system.
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ed parts was the basis of energy input computation. 
The whole wind-pump system has had a total weight 
of 1158 kg consisted of base plate 75kg, lower frame 
428 kg, upper frame 254, rotor 119 and others . It in-
dicates that improving the design of the present wind-
pump system will further improve the input-output 
ratio. 
The GHG emission of irrigating rice crop by us-
ing engine-pump system minus the rainfall available 
during the dry season was 425 kg CO2 eq ha
-1. It 
was computed from the diesel fuel consumed by the 
engine-pump system to pump the water required to 
irrigate rice crops. When the wind-pump system was 
used together with the engine-pump system to pump 
water, the GHG emission was about 284 kg CO2 eq 
ha-1. This means that using wind-pump system during 
irrigation of rice crop could mitigate around 141 kg 
CO2 eq. ha
-1. 
Conclusion
Performance and potential of the locally designed 
wind-pump system was evaluated in central Luzon by 
using the 10-year weather data. The 10-year weather 
data is very useful in predicting the potential of wind-
pump system by estimation of water output in spe-
cifi c area. The wind pump alone could irrigate only 
an area of 0.25 hectare rice crop from November to 
April in dry season. However, the wind-pump system 
in this study has only a limited potential for irrigation 
of rice fi elds under the weather conditions in central 
Luzon. It may be needed to explore more suitable use 
of the present system, such as drip irrigation of veg-
etables.
Energy input-output analysis for manufacturing the 
wind-pump system was proven to be feasible in 20 
years of life. The energy output was computed from 
the water output of the wind-pump system pumped 
within 20 years of utilization. The input-output en-
ergy ratio was found to be 1.5 within its 20 years life. 
The wind-pump system was proven to be feasible 
considering energy input-output ratio.
The GHG mitigated during its operation in the dry 
season pumping also had significant amount. The 
wind-pump system mitigated the GHG emission dur-
ing water pumping by replacing the fossil fuel with 
naturally available source of energy.
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